CONTEXT AND OBJECTIVE: Peak height velocity (PHV) is an important maturational event during adolescence that affects skeleton size. The objective here was to compare bone variables in adolescents who practiced different types of sports, and to identify whether differences in bone variables attributed to sports practice were dependent on somatic maturation status. DESIGN AND SETTING: Cross-sectional study, São Paulo State University (UNESP).
INTRODUCTION
Osteoporosis constitutes a widespread disease among the elderly population and it is associated with high economic costs. 1, 2 Although less common in pediatric populations, development of osteoporosis has been linked to peak bone mass gained during early life. 3, 4 There is a natural decrease in bone mass during later life and, therefore, adolescents who present lower peak bone mass have an increased likelihood of developing osteoporosis during adulthood. 3, 4 Consequently, early life has been highlighted as a critical period for development of osteoporosis during adulthood. 5 Hence, variables relating to peak bone mass during childhood and adolescence have been widely investigated and several variables have been pointed out as potential determinants of modifications to peak bone mass, such as: nutritional factors, genetics and practicing physical activity. [3] [4] [5] Regarding physical activity, its practice stimulates release of hormones relating to higher rates of bone formation. 6, 7 In addition, the physical load on bone structure that is generated by exercise stimulates its turnover. 7 Several sports cause high training load during practice and thus act positively on bone accrual during growth, such as soccer, tennis and rugby. [8] [9] [10] [11] However, the effects on bone mineral variables caused by sports participation performed in hypogravity during adolescence still remain unclear, 10, 12 mainly because previous studies failed to control for the burden of important potential confounders in early life, such as training load and biological maturation. 12 In terms of bone mass gain, the pubertal period is responsible for significant accrual of bone mass in both boys and girls. 13 Peak height velocity (PHV) is an important maturational event that occurs during adolescence, significantly increasing the skeleton size. 13 PHV precedes the peak bone mass accrual, thus denoting a period of potential risk of fractures, 13, 14 during which skeletal mass does not accompany the increase in skeleton size. On the other hand, the impact of this dissociation between linear growth and bone mass gain on the recognized osteogenic effect caused by exercise is still unclear.
OBJECTIVE
Therefore, the purposes of this study were:
1. To compare bone mineral variables in adolescents according to different sports; and 2. To identify whether the potential differences in bone mineral variables attributed to sports participation are dependent on somatic maturation status.
METHODS

Design, setting and ethics
This was a cross-sectional study that formed part of a larger cohort study entitled "Practice of different sports and bone mass gain in adolescents: 9-month cohort study", which was conducted from October 2013 to July/August 2014. The information presented in this study concerns data collected at the baseline.
Adolescents were recruited from three public schools and three sports clubs that specialized in soccer, basketball and swimming.
This study was previously approved by our institution's ethics board (CAAE; no. 02891112.6.0000.5402).
Sample
The sample size estimation was made using an equation based on analysis of variance (ANOVA), which took into account a minimum difference for whole-body bone mineral content (BMC) of 89 grams between the control and sports groups, 15 a standard deviation of 37 g for three independent groups (no-sport, swimming and soccer groups), power of 80% and alpha of 5%. The final sample size was estimated as a minimum of 12 adolescents per group and, therefore, a minimum of 36 adolescents was required.
Participants
The following inclusion criteria were adopted: and the age at which they started practicing their current sport.
Anthropometry
Body mass was measured using an electronic scale (Filizola model PL 150; Filizola Ltda., Brazil). Total height (i.e. height when standing upright) and seated height were measured using a stadiometer (Sanny model; American Medical of Brazil Ltda., Brazil) and leg length was calculated by subtraction of seated height from total height. A single trained technician made all the measurements on the subjects during a visit that they made to the laboratory.
Bone mineral variables
Bone mineral density (BMD, in g/cm 2 ), BMC (in grams), body fat (in percentages) and fat-free mass (FFM; in kilograms) were assessed using a dual-energy x-ray absorptiometry scanner subjects not involved in this study) and all scans were carried out in a temperature-controlled laboratory at the university.
Peak height velocity
The measurements of body mass, height, seated height and leg length were used to calculate maturity offset, which denotes the time (years) from/to PHV. 16 The sample was stratified according to PHV as follows: (i) "on time" (boys: 13.4-14.8 years; and girls:
11.8-13.0); and (ii) "late" (boys: > 14.8 years; and girls: > 13.0 years), and "early" (boys: < 13.4 years; and girls: < 11.8 years). 
Statistical analysis
The descriptive statistics comprised the mean, standard error of the mean (SEM) and 95% confidence interval (95% CI correlations (ES-r). This effect size was estimated using the square root of the ratio between the F-value squared and the difference between the F-value squared and degrees of freedom. Coefficients were interpreted as follows: trivial (r < 0.1), small (0.1 > r < 0.3), moderate (0.3 > r < 0.5), large (0.5 > r < 0.7), very large (0.7 > r < 0.9), nearly perfect (r > 0.9) and perfect (r = 1). 18 Statistical significance (P-value) was set at P < 0.05 and the statistical software BioEstat (version 5.0) was used to perform analyses.
RESULTS
For this study, after checking for compliance with the inclusion criteria, only 93 eligible adolescents were contacted. They were at six different locations, including public/private schools and sports clubs: no-sport group (n = 42) and sport groups (n = 51; 25 swimmers, 18 soccer players and 8 basketball players). The sample thus selected was composed of adolescents of both sexes equally (58.1% boys and 41.9% girls; χ 2 = 2.419; P = 0.120) with ages ranging from 12 to 16.5 years. Table 1 presents descriptive results according to groups of sport practice. There were significant differences for height, fat mass (%) and fat-free mass (kg) in the no-sport group compared with the soccer/basketball group and swimmers. Regarding bone variables (bone mineral density and bone mineral content), we found significant differences between the groups regarding the to 37.5%). Swimmers' heads represented a higher percentage of whole-body BMC, compared with the soccer/basketball group (P = 0.002). On the other hand, the lower limbs of the soccer/basketball group represented a higher percentage of whole-body BMC, compared with the swimmers (P < 0.001). Swimmers' upper limbs presented a higher percentage of whole-body BMC, compared with the soccer/basketball group (P < 0.001) and the control group (P = 0.010) ( Table 3) . Somatic maturation (PHV) also showed a trivial effect size in all variables (body sites) that constituted overall BMC: head (ES-r 0.000; P = 0.987), upper limbs (ES-r 0.000; P = 0.873), lower limbs (ES-r 0.004; P = 0.568) and trunk (ES-r 0.006; P = 0.475) ( Table 3) .
Finally, there was a negative relationship between whole-body BMC and weekly training time (β: -1563.967; 95% CI: -2916.484
to -211.450) ( Table 4) .
DISCUSSION
This cross-sectional study found that swimmers presented lower bone density than the no-sport group and the group of adolescents engaged in impact sports, independently of somatic maturation.
In the present study, sports participation was related to higher nificant linear growth and BMC accrual. 13 Independently of sex, the two years between PHV -1.0 and + 1.0 encompass the peaks of testosterone, estradiol and insulin-like growth factor-1 (IGF-1) levels. 20 Similarly, participation in sports acts towards releasing anabolic hormones, such as IGFBP-3 and testosterone. 21 The anabolic effect promoted by sports participation might be improved through maturational events occurring in the years before and after PHV, and adolescents reaching PHV at a late age are more likely to improve their bone health.
On the other hand, even though significantly boosted by maturation events, the osteogenic effect linked to physical exercise Table 2 . Bone mineral density among adolescents, stratified according to sports participation *Numerical variable after logarithmic transformation; † without head; 95% CI = 95% confidence interval; DXA = dual energy x-ray absorptiometry; CA = chronological age; APHV = age at peak height velocity; FFM = fat-free mass.
occurs during periods of lower hormonal activity. For instance, Ferry et al. 10 found that 12 months of soccer practice enhanced bone mass and geometry, even in post-pubertal adolescents, while this effect was not observed in swimmers. Therefore, the improvement in bone mass through sports participation seems also to be observed in later adolescence when most other maturational events have been completed.
In our sample, the percentage of participation of the head in the whole-body bone mass was higher in swimmers than in soccer players. Regarding this issue, there have been divergences in the scientific literature. Gómez-Bruton et al. 12 suggested that increased bone mass at other specific sites directly stressed by sports participation, even without a clear biological pathway, is related to lower skull bone mass. In contrast, our findings showed that even after controlling for potential confounders, not only did swimmers have a higher percentage of overall BMC in the skull (no difference between the soccer/basketball and no-sport groups), but also they had a higher percentage of overall BMC in their upper limbs than the soccer/basketball players and the control group. In the soccer/ basketball group, there was no apparent decrease in skull bone mass due to sports participation; rather, it presented a lower percentage of whole-body BMC due to the additional bone mass gained at other sites that were directly stimulated by sports participation.
In the present study, the lower values for bone variables in swimmers, compared with soccer players, could be explained by the fact that swimming practice is performed in situations of hypogravity, characterized by lack of mechanical load and lower osteogenic stimulus. 12 Among swimmers, greater weekly quantity of training hours was related to lower BMC in the whole body (excluding the head). Long periods of training performed under conditions of hypogravity and the inflammatory response to exercise might support our findings.
Swimmers presented the highest numbers of weekly training hours Moreover, swimming practice encompasses periods of training at high-intensity 21 that are related to increased inflammation. 22 Inflammatory marker levels increased by high-intensity exercise have been linked to lower action of growth hormone and IGF-1 in adolescents. 23 Therefore, even without physiological measures relating to intensity, it is feasible to believe that the combination of prolonged inflammatory responses and large quantities of highintensity training 23 under conditions of hypogravity might explain the negative relationship observed between weekly training hours and BMC among swimmers.
However, in the present study, bone mineral density in the upper limbs was not reduced among swimmers, compared with the other groups. This result can be explained by the fact that swimming movements that generate propulsive forces are concentrated in the upper limbs, especially in the freestyle stroke. 24 However, more studies are needed to corroborate and strengthen this finding.
The limitations of this study need to be recognized. The crosssectional design constitutes a limitation because it does not allow statements of causality, although this limitation will in the future be overcome through follow-up measurements on this cohort.
The lack of female participation in the impact sport group (basketball and soccer) is an important limitation considering that the maturational process and the effect of sports are different between the sexes. Therefore, it is relevant to consider that the differences found in our study according to sports groups may have been overestimated due to the imbalance of sex distribution. The age range in our study also constitutes a limitation, mainly because PHV has higher precision when applied to adolescents with ages ranging from 11 to 15 years old. The absence of nutritional variables also should be considered in future studies (e.g. calcium and vitamin D intake) because of their effect on bone formation.
Finally, the effect of some hormones (e.g. testosterone, estradiol and growth hormone) and inflammatory markers need to be taken into account in future studies.
CONCLUSION
In summary, the differences in bone variables attributed to sports participation occurred independently of maturation, while high training loads under conditions of hypogravity appear to be related to lower bone mass in swimmers.
